Background
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In recent years, the scale-up of long-lasting insecticidal nets (LLINs) and indoor residual 2 1 spraying (IRS) has greatly reduced malaria transmission. However, malaria remains a global 2 2 public health concern with the majority of disease burden in sub-Saharan Africa. Insecticide An. gambiae s.s. with the N1575Y mutation and without the mutation were included on each run 2 2 2 in addition to no template controls (NTCs). A subsample of 30 mosquitoes which were resistant or susceptible to bendiocarb were tested for 2 2 5 the presence of the G119S Ace-1 mutation using a TaqMan PCR assay, according to Weill et al. [17]. Samples were prepared with degenerate primers Moustdir1 (5′-2 2 7
CCGGGNGCSACYATGTGGAA-3′) and Moustrev1 (5′-ACGATMACGTTCTCYTCCGA-3'), of 30 seconds at 95ºC, 30 seconds at 52ºC, and 1 minute at 72ºC, and a final step of 10 minutes of the resistant allele. Presence of all three product sizes indicated the sample was heterozygous.
3 7
Positive controls from gDNA extracted from known An. gambiae s.s. that were homozygous 1 were included in addition to no template controls (NTCs). The relative gene expression of two cytochrome-dependent monooxygenases: CYP6P3, ATTGCCGAGCGCCGCATTCT-3') and reverse (5'-GACGCGGATACGCTTGCCGA-3') 2 4 9
primers, CYP6M2 forward (5'-TCGGGATGTGTGCGTTCGGC-3') and reverse (5'- CTAAGCTTAATCCGCAACATACCA-3') and reverse (5'-GTGTCATCCTTGCCGTACAC- Stratagene Mx3005P qPCR system which cycled for 10 minutes at 95ºC; 35 cycles of 10 seconds 2 5 8 at 95ºC, 22 seconds at 60ºC, and 10 seconds at 72ºC; followed by a melt curve. Serial dilutions 2 5 9
were performed on selected samples for each of the four genes and relative standard curves Data were recorded on pre-prepared data sheets and entered into an excel spreadsheet. Control 2 6 7 mortality in bioassays never exceeded 5%, thus correction using Abbott's formula was not Of the sub-sample of 60 mosquitoes which were tested for the L1014F kdr allele, this mutation failed to amplify) ( Table 2) . Four (0.7%) individuals were heterozygous for this mutation, while N1575Y mutation and the ability to survive exposure to pyrethroid insecticides (permethrin 1X almost all phenotyped specimens, indicative of ongoing selection (Table 2) .
Of the subsample of 30 mosquitoes which survived or died following bendiocarb exposure, the 3 6 2 G119S Ace-1 mutation was present in 62% (18/29 individuals; 1 specimen failed to amplify) 3 6 3 (Table 3) , with allele frequencies ranging from 0.25 to 1.0. Seventeen specimens were
homozygous, the remaining individual was heterozygous. There was a statistically significant
association between the presence of the G119S Ace-1 mutation and mosquito survival after bendiocarb exposure at 1X and 2X (Fisher's exact: p=0.00108 and p=0.0238 respectively). (Table 4 and Figure 3 ).
The greatest changes in gene expression were observed for GSTD3, with an average mean fold (Table 4) . However, no significant changes in gene expression of CYP6M2 and GSTD3 were 3 9 2 apparent between wild An. gambiae s.s. which survived or died after insecticide exposure at any susceptible G3 colony. (R) = resistant or alive, (S) = susceptible or dead. We assessed the susceptibility of An. gambiae s.l. populations from Faranah, Guinea to seven permethrin resistance demonstrated in this study could be the result of control efforts prior to In Faranah, susceptibility to all other classes of insecticides under evaluation was confirmed, indicates that mixed function oxidases (MFOs) play some role in the resistance reported.
5
However, the expression of metabolic enzymes examined in this study (CYP6M2, CYP6P3, and The G119S Ace-1 mutation, which confers resistance to carbamate and organophosphate suggesting it may also be responsible for decreased tolerance to carbamates in Faranah. Similar region, which will be valuable information for the National Malaria Control Program (NMCP). Resistance to the pyrethroids, permethrin and deltamethrin, as well as possible resistance to kdr, N1575Y and G119S Ace-1) and metabolic mechanisms of resistance are present in this field 4 9 7
population. The complete susceptibility of vectors to alpha-cypermethrin, clothianidin,
chlorfenapyr, and pirimiphos-methyl is encouraging, and these insecticides should be considered
by the NMCP in future control efforts in the form of new LLIN and IRS interventions as they
become approved and readily available. The study protocol was reviewed and approved by the Comité National d'Ethique pour la for Disease Control and Prevention, USA and determined to be non-human subject research with malaria prophylaxis for the duration of the study. Proceedings of the National Academy of Sciences, 109(17) , 6614-6619. 18. Yahouédo, G. A., Cornelie, S., Djègbè, I., Ahlonsou, J., Aboubakar, S., Soares, C., . . . were performed in the villages of Balayani, Foulaya and Tindo to collect adult An. gambiae s.l.
Larval collections were undertaken at multiple sites in the city of Faranah. the presence of confirmed resistance. *only tested at diagnostic dose. 
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